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The bilayered rhodium oxide Sr3 Rh2 O7 was synthesized by high-pressure and high-temperature
heating techniques. The single-phase polycrystalline sample of Sr3 Rh2 O7 was characterized by
measurements of magnetic susceptibility, electrical resistivity, speciﬁc heat, and thermopower. The
structural characteristics were investigated by powder neutron diﬀraction study. The rhodium
oxide Sr3 Rh2 O7 [Bbcb, a = 5.4744(8) Å, b = 5.4716(9) Å, c = 20.875(2) Å] is isostructural to the
metamagnetic metal Sr3 Ru2 O7 , with ﬁve 4d electrons per Rh, which is electronically equivalent to
the hypothetic bilayered ruthenium oxide, where one electron per Ru is doped into the Ru-327 unit.
The present data show the rhodium oxide Sr3 Rh2 O7 to be metallic with enhanced paramagnetism,
similar to Sr3 Ru2 O7 . However, neither manifest contributions from spin ﬂuctuations nor any traces
of a metamagnetic transition were found within the studied range from 2 K to 390 K below 70 kOe.
PACS numbers: 75.50.-y

I.

INTRODUCTION

The layered ruthenium oxides Sr2 RuO4 , Sr3 Ru2 O7 ,
and the perovskites SrRuO3 and CaRuO3 , have attracted
much attentions during the last several years primarily
because these systems allow quantum phase transitions in
clean metals1 to be addressed experimentally.2,3,4,5 The
appearances of novel transitions associated with the correlated 4d electrons continues to stir up significant issues
within the condensed matter community. The layered
member Sr2 RuO4 , for example, enters a superconducting
state at about 1 K in association with a rather unusual
spin-triplet type electron-pairing, clearly at odds with
predictions of conventional s−wave superconductivity.6,7
The bilayered member, Sr3 Ru2 O7 , shows non-Fermi liquid transport in the vicinity of a metamagnetic transition at high magnetic field and low temperature, suggesting that the scattering rate of the conduction electrons
may be influenced by quantum fluctuations, as opposed
to more conventional thermal fluctuations.8,9,10,11,12 Finally, data suggest that a quantum critical point exists in
the solid solution Sr1−x Cax RuO3 for x ∼0.7 between ferromagnetic (Sr-side) and nearly ferromagnetic (Ca-side)
ordered states.13,14,15,16,17,18
These materials have provided experimental opportunities to study criticality of correlated electrons in
the vicinity of the quantum critical points.8,9,10,11,12
The present status of investigations of quantum phase
transitions and criticality seem far behind that of the
conventional transitions that are driven by thermal
fluctuations.2,3,4,5 In order to promote progress in the
studies of quantum phase transitions and criticality in
clean metals, and to answer many open questions aroused
thus far, we need further opportunities to study these isTypeset by REVTEX

sues experimentally. Searching for a new class of materials which show quantum critical behavior within realizable magnetic, pressure, or chemical ranges, should be
encouraged. High-quality single crystals of these materials, if available, would be highly desirable for experimental investigations.
We have been synthesizing the variety of compounds
in the Sr-Rh(IV) oxide system, where Rh is expected to
be 4d5 (t52g e0g ), by applying high-temperature and highpressure techniques at typically 6 GPa and 1500 ◦ C.19
Besides the counted members of the strontium-rhodium
system,20,21,22,23 the perovskite-type compound was recently obtained by quenching to room temperature at
elevated pressure.19 The formation of SrRhO3 was an excellent example of what can be achieved by high-pressure
techniques – no compounds at the ratio Sr:Rh = 1:1 had
ever been reported until the high-pressure experiment.
While the Sr substitution for LaRh3+ O3 was studied by
a regular solid-state-reaction technique at ambient pressure; it was then found that the solubility limit of Sr at
the La site was at most 10 %, and the solid solution remained semiconducting in the very narrow region.24 It is
then clear that the formation of the 100 % end-member
SrRhO3 goes far beyond the limit achieved by the regular synthesis study, and it is indicative of the dramatic
effectiveness of the high-pressure experiment. This synthesis technique can be expected to uncover further novel
electronic materials in addition to SrRhO3 .
The magnetic and electrical properties of SrRhO3 were
qualitatively similar of those observed in the analogous
ruthenium oxide CaRuO3 , the latter being a nearly ordered ferromagnetic metal that is probably influenced
by spin-fluctuations.13,14,15,16,17,18 We had therefore expected unusual electronic properties in the unforeseen
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compounds in the rhodium oxide system, as well as the
analogous ruthenium oxides. We have focused our attention to obtaining further novel materials in the Sr-Rh-O
space, and thus far, the Ruddlesden-Popper-type member Sr3 Rh2 O7 was found. In this paper we present data
from neutron diffraction study, magnetic and electrical
measurements on a polycrystalline sample of this new
phase, and the results are compared to the ruthenium
analogue.

II.

EXPERIMENTAL

The polycrystalline sample of Sr3 Rh2 O7 was prepared
as follows. The fine and pure (≥ 99.9%) powders of
SrO2 , Rh2 O3 , and Rh were mixed at the compositions
Sr3 Rh2 O7+z , where z = 0.0 and 0.1. Approximately
0.2 grams of each stoichiometry was placed into a platinum capsule and then compressed at 6 GPa in a highpressure apparatus, which was originally developed in our
laboratory.25 The sample was then heated at 1500 ◦ C for
1 hr and quenched to room temperature before releasing
the pressure. The quality of the products was investigated by means of powder x-ray diffraction (CuKα). The
x-ray profile was carefully obtained at room temperature
using the high-resolution-powder diffractometer (RINT2000 system, developed by RIGAKU, CO), which was
equipped with a graphite monochromator on the counter
side. We found that the both samples were of high quality; there were no significant impurities in either product, and no remarkable difference between them. The
x-ray pattern for the powder sample at z = 0.0 is shown
in Fig.1. A quasi-tetragonal cell with a = 5.474(1) Å
and c = 20.88(1) Å was tentatively applied to the data,
and a clear assignment of (hkl) numbers to all the major
peaks was obtained, indicating the high quality of the
sample. The one probable impurity phase (less than 1%)
was SrRhO3 .19 The major phase in the samples could be
reasonably assigned to Sr3 Rh2 O7 , of which there are no
known records in the literature.
Possible oxygen vacancies in the compound were quantitatively investigated in detail by thermogravimetric
analysis. Approximately 30 milligrams of the z = 0.0
powder was slowly heated at 5 ◦ C/min in a gas mixture (3% hydrogen in argon) and held at 800 ◦ C until
the weight reduction became saturated. Calculated oxygen composition from the weight loss data was 7.01 per
formula unit, indicating good oxygen stoichiometry.
Another sample of Sr3 Rh2 O7 , prepared at identical
synthesis condition, was used for structural study by
means of neutron diffraction. The powder neutron
data of powder sample of Sr3 Rh2 O7 (∼0.2 grams) were
collected at room temperature using the BT-1 highresolution powder diffractometer at the NIST Center for
Neutron Research, employing a Cu(311) monochromator to produce a monochromatic neutron beam of wavelength 1.5396 Å. Collimators with horizontal divergences
of 15′ , 20′ , and 7′ of arc were used before and after

FIG. 1: Powder x-ray diﬀraction proﬁle (CuKα) of Sr3 Rh2 O7 ,
obtained at room temperature. A tentatively applied quasitetragonal unit cell with a = 5.474(1) Å and c = 20.88(1)
Å yields a clear assignment of (hkl) numbers to almost all
peaks, indicating quality of the sample. Unindexed peaks are
marked by stars.

the monochromator, and after the sample, respectively.
The intensities were measured in steps of 0.05◦ in the 2θ
range 3◦ –168◦. The structural parameters were refined
using the program GSAS.26 The neutron scattering amplitudes used in the refinements were 0.702, 0.593, and
0.581 (×10−12 cm) for Sr, Rh, and O, respectively.
The magnetic properties of the sample (z =0.0) were
studied in a commercial apparatus (Quantum Design,
MPMS-XL system) between 2 K and 390 K. The magnetic susceptibility data were collected at 1 kOe and 70
kOe, and magnetization curves were recorded between 70 kOe and 70 kOe after cooling the sample at each 2
K, 5 K and 50 K. The electrical resistivity was measured
by a conventional ac-four-terminal technique at zero field
and at 70 kOe. The ac-gauge current was 0.1 mA at 30
Hz. The selected sample (z =0.0) was cut out into a bar
shape, and the each face was polished with aluminumoxide-lapping film. In order to decrease the contact resistance with the sample, gold pads (∼ 200 nm in thickness) were deposited at four locations along the bar, and
silver epoxy was used to fix platinum wires (∼ 30 µmφ)
at each gold terminal. The contact resistance at the four
terminals was less than 8 ohm.

III.

RESULTS AND DISCUSSIONS

The crystal structure of the title compound was investigated by means of neutron powder diffraction at room
temperature. In an effort to maximize the homogeneity
of the sample, only one pellet was subjected to the neutron study rather than a mixture of multiple pellets, even
though the total sample mass was far below the regular
level. The degree of local structure distortions, such as
cooperative rotations of metal-oxygen octahedra and fre-
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TABLE I: Structure parameters of Sr3 Rh2 O7 at room temperature. Space group: Bbcb (No.68). The lattice parameters
are a = 5.4744(8) Å, b = 5.4716(9) Å, and c = 20.875(2) Å. The volume of the orthorhombic unit cell is 625.3(2) Å3 . Z=
4. The calculated density is 6.17 g/cm3 . The constraints on the analysis: y[O(3)]= −x[O(3)]+1/2, x[O(3’)] = 1 − x[O(3)],
y[O(3’)]= −y[O(3)], z[O(3’)]= z[O(3)], B[O(3’)]= B[O(3)], and n[O(3’)]= 1 − n[O(3)]. The R factors were 5.42% (Rp ) and
6.47% (Rwp ). Selected bond distances (Å) and angles (◦ ) are shown in the bottom part.
Atom
Sr(1)
Sr(2)
Rh
O(1)
O(2)
O(3)
O(3’)
Sr(1)–O(1)
Sr(1)–O(1)
Sr(1)–O(3)
Sr(1)–O(3)
Sr(2)–O(2)
Sr(2)–O(2)
Sr(2)–O(2)
Sr(2)–O(3)
Sr(2)–O(3)

Site
4a
8e
8e
4b
8e
16i
16i
×2
×2
×4
×4
×2
×2
×2
×2

x
1/4
1/4
1/4
1/4
1/4
0.5473(5)
0.4527(5)
2.7358(4)
2.7372(4)
3.069(7)
2.566(8)
2.494(11)
2.7411(7)
2.7398(7)
2.44(1)
2.964(8)

y
1/4
1/4
1/4
1/4
1/4
-0.0473(5)
0.0473(5)

z
0
0.1867(3)
0.4013(4)
1/2
0.3062(4)
0.0973(4)
0.0973(4)
Rh–O(1)
Rh–O(2)
Rh–O(3)
Rh–O(3)
O(1)–Rh–O(3)
O(2)–Rh–O(3)
O(1)–Rh–O(2)
Rh–O(3)–Rh

B(Å2 )
0.5(2)
0.8(2)
0.1(2)
1.2(3)
0.6(2)
0.6(1)
0.6(1)

×2
×2

n
1
1
1
1
1
0.92(2)
0.08(2)
2.060(8)
1.985(12)
1.9694(8)
1.9697(8)
89.1(4)
90.9(4)
180
158.5(2)

quency of stacking faults in the layered structure, may
depend sensitively on the synthesis conditions. Technical problems, such as small sample volume within the
high-pressure apparatus and uncertainties in the maximum temperature during the heating process, could contribute to small variations in sample quality. Measuring
an individual pellet by neutron powder diffraction was
intended to preclude possible errors in the analysis of the
local structural distortion. The structural distortion was
naturally expected in Sr3 Rh2 O7 based on the analogy
with Sr3 Ru2 O7 , since the ionic size of VI Rh4+ (0.60 Å)27
is very close to that of VI Ru4+ (0.62 Å).28,29,30 Furthermore, the expected distortions were hard to detect with
normal x-ray diffraction.
The pellet as made in a platinum capsule was highly
polished with a fine sandpaper to reduce possible Pt contamination. The pellet (∼0.2 grams) was then finely
ground for the neutron diffraction study. The neutron
data were collected at room temperature for approximately one and a half days; the profile is shown in Fig.2.
Although the sample powder was exposed to the neutron
beam for many hours, the intensity did not reach normal
levels due to the small sample mass. It was, however, sufficient enough to deduce structural information from the
data. The small impurity contribution, found in the xray study, and possible magnetic contributions were not
investigated due to the low intensity level.
The major concern in the structure investigation of the
title compound was whether a cooperative rotation of the
metal-oxygen octahedra occurs as is found in the analogous Sr3 Ru2 O7 .28,29,30 In the study of the ruthenium
oxide by means of neutron diffraction, eight independent
modes for the cooperative rotation (Bbcm, Bbcb, Bbmm,
Bmcm, P 42 /mnm, P 42 /mcm, P 42 /m, B112/m), com-

FIG. 2: Neutron diﬀraction proﬁle of the powder sample
(∼0.2 grams) of Sr3 Rh2 O7 , obtained at room temperature at
λ = 1.5396 Å. Vertical bars indicate expected peak positions
for the orthorhombic (Bbcb) structure model. The diﬀerence
between the orthorhombic model (solid lines) and the data
(crosses) is shown below the bars column. Although intensity
statistic appeared to be rather lower due to the small sample mass, the analysis succeeded in obtaining a high-quality
solution.

binations of some of those, and the rotation-free mode
(I4/mmm) were tested. It was found that the Bbcb mode
resulted in the highest quality of the profile analysis.28
Here, in the analysis of the profile of Sr3 Rh2 O7 , we first
applied the Bbcb mode and found it to produce reasonable solutions (Rp = 5.42%, Rwp = 6.47%) to describe
the cooperative rotation of RhO6 octahedra in Sr3 Rh2 O7 .
Although the Bbcb mode is the most likely structural
distortion in Sr3 Ru2 O7 , other lower symmetry modes,
as mentioned above, are still possible. Unfortunately,

4

FIG. 3: Structural view of Sr3 Rh2 O7 . Fine lines signiﬁes the
orthorhombic unit cell. Cooperative rotations along c−axis
of the RhO6 octahedra are indicated by circular arrows.

the low intensity of the data in the present study made
it difficult to completely dismiss the other modes. Detailed analysis of the issue is left for future work, in which
further progress of the high-pressure-synthesis technique
will allow us to obtain a larger amount of highly homogenized sample.
Probable stacking faults were examined by introducing the O(3’) elements with some constraints (caption of
Table I), as was done for Sr3 Ru2 O7 . As a result, sig-

nificant improvements in the overall fit were obtained
(<∼2% in R values). The estimated occupancy of O(3’)
was ∼8%, indicating the frequency of the stacking faults.
The estimated structural parameters of Sr3 Rh2 O7 , and
selected bond distance and angles, are arranged in Table
I. The isotropic atomic displacement parameter (B) of
the rhodium ion (8e–site) is rather unusual, possibly because the low level of the intensity statistics reduced reliability of the thermal parameters somewhat. We believe
further structure studies, on not only a larger amount
of sample powder, but also a single crystal of Sr3 Rh2 O7 ,
might provide much more reliable data.
The structure of Sr3 Rh2 O7 is shown in Fig.3. The
directions of rotation are indicated by circular arrows.
The rotation results in the bond angle of Rh–O(3)–Rh
being 159 degrees rather than 180 degrees for an ideally
rotation-free structure. The rotation angle of RhO6 octahedra along c−axis is 10.5 degrees, which is slightly
greater than that of RuO6 octahedra in the analogous
Sr3 Ru2 O7 (6.8 degrees).28 A general diagram for the degree of distortion in Ruddlesden-Popper-type compounds
A3 M2 O7 (A : alkaline and/or rare earth metal; M : transition metal) was proposed, in which the real members of
A3 M2 O7 were divided into two categories: one with and
one without distortions associated with cooperative rotations of the M O6 octahedra.28 A criterion named “zero
strain line” was established for judging which category
each member should belong to. The combination of radii
of VI Rh4+ (0.60 Å) and XII Sr2+ (1.44 Å) in Sr3 Rh2 O7 27
yields a point below the “zero strain line” in the proposed diagram, implying that Sr3 Rh2 O7 should be in
the distortion-free category. This classification for the
Sr3 Rh2 O7 case appears to be incorrect as dictated by the
data in the present study.28 Characteristics of chemical
bonds may play a pivotal role in the distortion process,
and their consideration may be necessary if a complete
diagram is to be developed.
The electrical resistivity data of the polycrystalline
sample of Sr3 Rh2 O7 are shown in Fig.4. Temperature and magnetic field dependence was studied between
2 K and 390 K. The resistivity at room temperature
is ∼75 mΩ-cm, which is approximately one magnitude
lager than that of the 3D SrRhO3 19 and one magnitude
smaller than that of the 2D Sr2 RhO4 , which is a barely
metallic conductor.31,32 The series of the rhodium oxides Srn+1 Rhn O3n+1 (n = 1, 2, and ∞) consist of solely
homovalent elements including Rh4+ (4d5 : may be in
the low-spin configuration t52g e0g ), and all of them clearly
show metallic character, while the electronic dimensionality varies from two to three. This suggests that the
metallic character is developed with increasing electronic
dimensionality. Further studies involving band structure
calculations could be significant in revealing how essential the dimensionality is to the electronic transport of
the rhodium oxide series. A small magnetic field dependence was found at low temperature (<∼ 20K) as shown
in the inset of Fig.4. Future studies on single crystals
may provide insight into the mechanism responsible for
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FIG. 4: Temperature dependence of the electrical resistivity of the polycrystalline Sr3 Rh2 O7 at zero ﬁled and 70 kOe.
Inset shows an expansion of the low-temperature portion.

FIG. 6: Speciﬁc heat of the polycrystalline Sr3 Rh2 O7 . The
data are plotted in Cp /T vs T 2 (main panel) and Cp vs T
(inset) forms. The dotted curve represents a ﬁt to the data
(details are in the text).

trast to the case of the resistivity data. Although a small
change in slop in the Seebeck coefficient was observed
in both Sr3 Rh2 O7 and SrRhO3 at approximately 150 K
(Fig.5), there were, however, no corresponding anomalies
in other transport data around that temperature. The
change may be structurally related, and further studies
of the temperature dependence of structural distortions
may help to address the issue.
The specific heat data are plotted as Cp /T vs T 2 (main
panel) and Cp vs T (inset) in Fig.6. The electronic and
lattice contributions to the specific heat can be isolated
from the data in the main panel by using the following
low-temperature form (T ≪ ΘD ):

FIG. 5: Thermoelectric property of the polycrystalline
Sr3 Rh2 O7 and SrRhO3 . The data for the perovskite compound were taken from a previous report.33

the positive magnetoresistance.
The Seebeck coefficient of the title compound was measured and compared with that of the perovskite SrRhO3
(Fig.5).33 The Seebeck coefficient of Sr2 RhO4 , reported
previously, was approximately +40µV/K at room temperature and decreases linearly to approach zero upon
cooling.32 The data of all three compounds (Sr2 RhO4 ,
Sr3 Rh2 O7 , and SrRhO3 ) are qualitatively consistent with
the metallic conductivity observed for each, and indicate
that the sign of the majority carriers is positive in the
metallic conducting state. Among the Seebeck coefficient of the three compounds, it is hard to find a remarkable difference qualitatively and quantitatively, in con-

 1 
Cv
12π 4
T 2,
=γ+
N kB
T
5
Θ3D
where ΘD , γ, β, kB , and N are Debye temperature, Sommerfeld’s coefficient, Boltzmann’s constant, and Avogadro’s number, respectively. The two independent parameters, ΘD and γ, which indicate physical characteristics of the compound, were estimated by a least-square
method in the linear range between 150 K2 and 450
K2 ; we obtained ΘD ∼ 172 K and γ ∼ -0.00199 J·molRh−1 ·K−2 . The estimation of both γ and ΘD was, however, not solid; a small degree of variations was found.
For example, when a T 4 term was added to the equation, the fits achieved were ΘD of ∼ 180 K, γ of ∼0.00365
J·mol-Rh−1 ·K−2 , and β (the coefficient of the T 4 term)
of 7.93×10−8 J·mol-Rh−1 ·K−6 , as indicated by the dotted curve. Although it is technically difficult to determine a precise value for γ, it should, however, be very
small in contrast to that of the metallic SrRhO3 (γ =
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7.6 mJ/mol-Rh/K2).19 The depressed metallic character
of the bilayered Sr3 Rh2 O7 is reflective in the very small
value of γ. It would be interesting to compare the value of
γband , computed from the density of states at the Fermi
level by means of band-structure calculations, with and
without consideration of spin polarization. In the above
analysis we assumed that Cp was approximately equal to
Cv because it was in the low temperature limit.
As expected from the Debye temperature (170 K–180
K) of the layered oxide Sr3 Rh2 O7 , even within the studied temperature range, the specific heat approaches the
high-temperature limit, roughly calculated to be ∼150
J·mol-Rh−1 ·K−1 [6(atoms per unit cell) ×3 (dimensionality per atom) ×kB N(Boltzmann and Avogadro’s constants)]. The Debye temperature of Sr3 Rh2 O7 is close
to that of the perovskite SrRhO3 (ΘD ∼ 190 K). To our
knowledge, the Debye temperature of Sr2 RhO4 has not
been reported.
A small component, which appears in the lowtemperature limit of the Cp /T vs T 2 curve (the data
points gradually apart from the fitting curve on cooling),
is probably due to a magnetic origin. In order to make
clear the origin of the probable magnetic component, several magnetic models were tested on the specific heat
data. The studies, however, did not yield a clear assignment of magnetic model to the origin because there were
still too many possibilities related to a nuclear Schottky specific heat, an empirical temperature-independent
term, ferro- and antiferromagnetic spin fluctuations, and
associations of some of those. As far as the present investigation goes, it was therefore unlikely to establish a clear
picture with a reasonable sense to understand the appearance of the very small component in the low-temperature
specific heat data.
Nearly-temperature-independent magnetic susceptibility data, measured between 2 K and 390 K, are shown
in Fig.7. The majority of the data could be characterized as Pauli paramagnetic with an enhanced χ(0). The
χ(300) is approximately 1.0×10−3 emu/mol-Rh, nearly
one magnitude larger than those of normal paramagnetic
metals, including Rh(IV)O2 .34,35,36 This is a curious result, considering the very small γ-value estimated from
the specific heat measurements. More will be said on this
below. Alternatively, a layered spin system, despite the
metallic character, is probable to account for the magnetic characteristics with the broad maximum at about
200 K as is the case for the Sr doped La2 CuO4 .37 Further
studies to explore probable localized magnetic moments
should be of interest. The steep upturn in low temperature at 1 kOe is due to a small concentration of magnetic
impurities, which could be well fit to a Curie-Weiss law;
the magnetic parameters were C = 0.00194 emu K/molRh (Curie constant), θW = -0.1462 K (Weiss temperature), and χ0 = 9.21×10−4 emu/mol-Rh (temperatureindependent susceptibility). The rather small value of
θW , less than 1 K, indicates that the diluted moments are
free from magnetic interactions, as is often the cases. The
M vs H curves measured at 2 K, 5 K and 50 K are shown

FIG. 7: Temperature dependence of the magnetic susceptibility of the polycrystalline Sr3 Rh2 O7 at 1 kOe and 70 kOe on
cooling, and applied magnetic ﬁeld dependence of the magnetization (inset) at 2 K, 5 K and 50 K.

in the inset of Fig.7. The small component (∼0.001µB
at 70 kOe and 5 K), which is superimposed on the paramagnetic background, is probably due to the magnetic
impurity outlined above. While a metamagnetic transition was clearly found in the analogous Sr3 Ru2 O7 at ∼
50 kOe and 2.8 K in fields both parallel and perpendicular to the c−axis of a single crystal,9 no trace of one
could be seen in the data of Sr3 Rh2 O7 even at 2.0 K.
Such a transition may be shifted to higher fields in the
Rh sample, and in order to investigate this possibility,
a pulsed high-magnetic-field study at low temperature is
scheduled for Sr3 Rh2 O7 .
IV.

CONCLUSIONS

High-pressure synthesis techniques have been utilized
in an effort to add to the variety of experimental systems currently being used in the study of quantum phase
transitions and criticality. The systematic synthesis experiments performed thus far on the Rh4+ (4d5 : t52g e0g ,
expected) oxide system have revealed a new class of
Ruddlesden-Popper phases Srn+1 Rhn O3n+1 (n = 1 [ref.
31 and 32], 2 [this work], and ∞ [ref. 19]). The neutron
diffraction study clearly reveals that the new metallic
rhodium oxide, Sr3 Rh2 O7 , is isostructural to the ruthenium oxide Sr3 Ru2 O7 , which has received much recent
attention due to its intriguing quantum characteristics.
The magnetic and transport data presented here, however, do not indicate clear contributions from quantum
fluctuations in the studied range of temperature and
magnetic field, in contrast to what was observed in the
ruthenium compound.38,39 Since the Curie-Weiss-like be-
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havior was not seen (except for the impurity term) even
in the high-temperature portion of the magnetic susceptibility data, the self-consistent renormalization theory
of spin fluctuations for both antiferro- and ferromagnetic
nearly-ordered magnetic metals may not be applicable to
the present magnetic and specific heat data.40,41
While the magnetic susceptibility data of Sr3 Rh2 O7
suggest a rather large density of states at the Fermi level
(similar to what was observed in SrRhO3 ), the linear
term in the heat capacity is, however, remarkably small
– on the order of semimetals like Bi and Sb. The resistivity is about 10 times larger than that of SrRhO3 ,
qualitatively consistent with the rather small γ. It is
possible that the influence of disorder in the polycrystalline sample at a level undetectable by the techniques
in the present study masks the intrinsic nature of ideally
clean Sr3 Rh2 O7 . In the studies of the ruthenium oxides,
for example, the quantum properties were found to be
rather fragile to such disorder.42,43 Further information,
including carrier density, degree of disorder, band structure, would prove useful in clearly identifying the intrinsic properties of Sr3 Rh2 O7 . High-quality single crystals
of sufficient size for electronic transport studies synthesized in the high-pressure cell would afford the opportunity of further investigations of Sr3 Rh2 O7 at a much
deeper level.
In the ruthenium oxide family, much effort have been
spent in searching for new superconducting compounds,
but only the 214 phase is a superconductor. One member found recently (non-superconducting) is the doublelayered Sr3 Ru2 O7 F2 , where Ru ions are pentavalent.44
One electronic hole per formula unit was formally doped
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